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EXHAUST GAS CONTROL SYSTEM FOR INTERNAL COMBUSTION ENGINE 

AND METHOD FOR RECOVERING FILTER THEREOF 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

[0001] The invention relates to an exhaust gas control system for an internal 
combustion engine and a method for recovering a filter thereof. 

2. Description of the Related Art 

[0002] Exhaust gas discharged from an internal combustion engine contains 
particulate matter that mainly includes carbon. A technology is known, in which a 
particulate filter (hereinafter, referred to as "filter") for capturing the particulate matter is 
provided in an exhaust system in an internal combustion engine in order to prevent the 
particulate matter from being discharged to the atmosphere. 

[0003] In such a filter, when the amount of captured particulate matter increases, 
the pressure of the exhaust gas is increased due to clogging of the filter, which leads to a 
decrease in engine performance. Therefore, the exhaust gas temperature on the upstream 
side of the filter is increased, and the captured particulate matter is oxidized and removed, 
whereby the exhaust gas control performance of the filter is recovered (hereinafter, this 
process will be referred to as "filter forced recovery"). 

[0004] It is known that a filter forced recovery region and a filter continuous 
recovery region are included in an entire range of an engine operating state decided by a 
rotational speed and torque of the internal combustion engine. The filter forced recovery 
region is an operating state range where the exhaust gas temperature is relatively low, and 
the amount of the particulate matter deposited in the filter increases if the filter forced 
recovery is not performed. The filter continuous recovery region is an operating state 
range where the exhaust gas temperature is relatively high, and the amount of the 
particulate matter deposited in the filter decreases even if the filter forced recovery is not 
performed. 

[0005] Japanese Patent Laid-Open Publication No. 2003-155919 discloses a 
technology in which the amount of captured particulate matter in the filter is accumulated 
in the case where the operating state of the internal combustion engine belongs to the filter 
forced recovery region. In the case where the operating state of the internal combustion 
engine belongs to the filter continuous recovery region, the accumulation of the amount of 
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the captured particulate matter is stopped, and the filter forced recovery is performed when 
the accumulated amount of the captured particulate matter becomes equal to or larger than 
a predetermined amount. 

[0006] In the case where the operating state of the internal combustion engine 
belongs to the filter continuous recovery region, the amount of the particulate matter 
deposited in the filter tends to decrease even if the filter forced recovery is not performed. 
However, when it takes long time to oxidize the particulate matter, the particulate matter 
remains in the filter for a long time without being oxidized. Therefore, a relatively large 
agglomeration of ash may be formed after the particulate matter is oxidized, and the 
agglomerated ash may be deposited without being removed from the filter. Also, 
oxidation of the particulate matter may become insufficient. 



SUMMARY OF THE INVENTION 



[0007] It is an object of the invention to provide an exhaust gas control system 
for an internal combustion engine and a method for recovering a filter thereof, which can 
reduce the possibility that particulate matter may remain in a filter for a long time, and 
therefore oxidation of the particulate matter may become insufficient or agglomerated ash 
may be deposited in the case where an operating state of an internal combustion engine 
belongs a filter continuous recovery region where the particulate matter deposited in the 
filter naturally decreases. 

[0008] In order to achieve the above object, the most significant characteristic of 
the invention is that filter forced recovery is performed in the case where the operating 
state of the internal combustion engine continues to belong to the filter continuous 
recovery region for a predetermined time period or longer. 

[0009] A first aspect of the invention relates to an exhaust gas control system for 
an internal combustion engine, which includes a filter for capturing particulate matter in 
exhaust gas discharged from an internal combustion engine, the filter being provided in an 
exhaust passage for the internal combustion engine, and in which an entire range of an 
engine operating state decided by a rotational speed and torque of the internal combustion 
engine includes a first operating state range where a temperature of the exhaust gas 
discharged from the internal combustion engine is low, and the particulate matter captured 
by the filter is not oxidized and an amount of the particulate matter deposited in the filter 
increases if a recovery process is not performed, and a second operating state range where 
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the temperature of the exhaust gas discharged from the internal combustion engine is high, 
and the particulate matter captured by the filter* is oxidized and the amount of the 
particulate matter deposited in the filter decreases even if the recovery process is not 
performed. The exhaust gas control system includes filter forced recovery means for 
performing the recovery process that removes the particulate matter captured by the filter 
by forcibly oxidizing the particulate matter so as to recover a capturing ability of the filter; 
and deposited amount detection means for detecting the amount of the particulate matter 
that is captured by the filter and deposited in the filter. 

[0010] In the first aspect of the invention, the filter forced recovery means may 
perform the recovery process when the amount of the particulate matter deposited in the 
filter which is detected by the deposited amount detection means becomes equal to or 
larger than a predetermined amount in a case where the operating state of the internal 
combustion engine belongs to the first operating state range; and the filter forced recovery 
means may perform the recovery process when a continuous belonging time period during 
which the operating state of the internal combustion engine continues to belong to the 
second operating state range becomes equal to or longer than a predetermined time period 
in a case where the operating state of the internal combustion engine belongs to the second 
operating state range. With this arrangement, it is possible to reduce the possibility that 
the particulate matter may continue to remain in the filter after the operating state of the 
internal combustion engine starts to belong to the second operating state range, and the 
possibility that oxidation of the particulate matter may become insufficient, or 
agglomerated ash may be deposited. 

[0011] In an aspect relating to the first aspect of the invention, the predetermined 
time period may be decided based on the amount of the particulate matter deposited in the 
filter which is detected by the deposited amount detection means when the operating state 
of the internal combustion engine starts to belong to the second operating state range. 

[0012] Even in the case where the operating state of the internal combustion 
engine belongs to the second operating state range, when the particulate matter captured by 
the filter continues to remain in the filter for a long time as described above, oxidation of 
the particulate matter may become insufficient, or agglomerated ash may be deposited. In 
the case where the operating state of the internal combustion engine belongs to the second 
operating state range, the continuous belonging time period until such a situation occurs is 
changed depending on the amount of the particulate matter deposited in the filter when the 
operating state of the internal combustion engine starts to belong to the second operating 



WO 2005/059329 PCT/IB2004/004155 

4 

state range. More specifically, as the amount of the particulate matter deposited in the 
filter becomes larger when the operating state of the internal combustion engine starts to 
belong to the second operating state range, the time period until oxidation of the particulate 
matter becomes insufficient or agglomerated ash is deposited becomes shorter. 

[0013] Thus, in the aspect relating to the first aspect of the invention, the 
deposited amount detection means detects the amount of the particulate matter deposited in 
the filter when the operating state of the internal combustion engine starts to belong to the 
second operating state range, and the filter forced recovery means performs the recovery 
process when the continuous belonging time period corresponding to the amount of the 
deposited particulate matter has elapsed since the operating state of the internal combustion 
engine starts to belong to the second operating state range. 

[0014] In an example of the recovery process performed by the filter forced 
recovery means according to the invention, the amount of air taken in the internal 
combustion engine is decreased, and the temperature of the exhaust gas is increased, 
whereby the particulate matter deposited in the filter is oxidized and removed. In this 
example, since the amount of air taken in the internal combustion engine is decreased 
during the recovery process, drivability of a vehicle may be affected. 

[0015] According to the invention, the recovery process can be performed at an 
optimal time in a case where the operating state of the internal combustion engine belongs 
to the second operating state range. As a result, it is possible to reduce the possibility that 
the filter forced recovery may be unnecessarily performed early, and therefore the amount 
of air taken in the internal combustion engine may be decreased an increased number of 
times, and drivability of the vehicle may be affected. Similarly, it is possible to reduce 
the possibility that the time at which the recovery process is performed may be delayed, 
and therefore oxidation of part of the particulate matter may become insufficient, or 
agglomerated ash may be deposited. 

[0016] In the first aspect of the invention, the filter forced recovery means may 
perform the recovery process when an accumulated time period during which the operating 
state of the internal combustion engine belongs to the second operating state range after a 
previous recovery process is finished in a case where the operating state of the internal 
combustion engine belongs to the second operating state range. 

[0017] With this arrangement, even in the case where the operating state of the 
internal combustion engine belongs to the first operating state range and the second 
operating state range alternately due to a change in the operating state of the internal 
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combustion engine, the recovery process is performed when the accumulated time period 
during which the operating state of the internal combustion engine belongs to the second 
operating state range becomes equal to or longer than the predetermined time period. 
Accordingly, it is possible to reduce the possibility that the particulate matter may remain 
in the filter for a long time, and therefore oxidation of the particulate matter may be 
insufficient, or agglomerated ash may be deposited. 

[0018] A second aspect of the invention relates to a method for recovering a 
filter of an exhaust gas control system for an internal combustion engine, which includes a 
filter for capturing particulate matter in exhaust gas discharged from an internal 
combustion engine, the filter being provided in an exhaust passage for the internal 
combustion engine; filter forced recovery means for performing a recovery process that 
removes the particulate matter captured by the filter by forcibly oxidizing the particulate 
matter so as to recover a capturing ability of the filter; and deposited amount detection 
means for detecting an amount of the particulate matter that is captured by the filter and 
deposited in the filter, and in which an entire range of an engine operating state decided by 
a rotational speed and torque of the internal combustion engine includes a first operating 
state range where a temperature of the exhaust gas discharged from the internal combustion 
engine is low, and the particulate matter captured by the filter is not oxidized and an 
amount of the particulate matter deposited in the filter increases if the recovery process is 
not performed, and a second operating state range where the temperature of the exhaust gas 
discharged from the internal combustion engine is high, and the particulate matter captured 
by the filter is oxidized and the amount of the particulate matter deposited in the filter 
decreases even if the recovery process is not performed. The method for recovering a 
filter includes the steps of detecting the amount of the particulate matter deposited in the 
filter using the deposited amount detection means in a case where the operating state of the 
internal combustion engine belongs to the first operating state range; and performing the 
recovery process using the filter forced recovery means when the detected amount of the 
particulate matter deposited in the filter becomes equal to or larger than a predetermined 
amount in the case where the operating state of the internal combustion engine belongs to 
the first operating state range. 

[0019] In the second aspect of the invention, the method for recovering a filter 
may further include the step of performing the recovery process using the filter forced 
recovery means when a continuous belonging time period during which the operating state 
of the internal combustion engine continues to belong to the second operating state range 



WO 2005/059329 PCT/IB2004/004155 

6 

becomes equal to or longer than a predetermined time period in a case where the operating 
state of the internal combustion engine belongs to the second operating state range. 

[0020] In an aspect relating to the second aspect of the invention, the method for 
recovering a filter may further include the step of performing the recovery process when an 
accumulated time period during which the operating state of the internal combustion 
engine belongs to the second operating state range after a previous recovery process is 
finished in a case where the operating state of the internal combustion engine belongs to 
the second operating state range. 

[0021] In the first aspect and the second aspect of the invention, it is possible to 
reduce the possibility that the particulate matter may remain in the filter for a long time, 
and therefore oxidation of the particulate matter may become insufficient, or the possibility 
that a relatively large agglomeration of ash may be formed after the particulate matter is 
oxidized, and therefore it may become difficult to remove the agglomerated ash from the 
filter. 

[0022] The means for achieving the object of the invention can be used in as 
many combinations as possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG 1 is a schematic diagram showing an internal combustion engine and 
an exhaust gas control system according to the invention; 

[0024] FIG 2 is a diagram showing a relationship between a filter forced 
recovery region and a filter continuous recovery region according to a first embodiment; 

i 

[0025] FIG. 3 is a flowchart showing a filter forced recovery routine according to 
the first embodiment; and 

[0026] FIG 4 is a flowchart showing a filter forced recovery routine according to 
a second embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] Hereinafter, an exemplary embodiment of the invention will be described 
with reference to the accompanying drawings. 

[0028] FIG. 1 is a schematic diagram showing an internal combustion engine and 
an exhaust gas control system according to the invention. An internal combustion engine 
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1 shown in FIG. 1 is a multi-cylinder diesel engine including four cylinders 2. 

[0029] The internal combustion engine 1 includes fuel injection valves 3 each of 
which injects fuel directly into a combustion chamber of each cylinder 2. Each fuel 
injection valve 3 is connected to an accumulation pressure chamber (common rail) 4 which 
accumulates pressure of fuel so that the pressure of fuel becomes equal to a predetermined 
pressure. The common rail 4 communicates with a fuel pump 6 via a fuel supply pipe 5. 
The internal combustion engine 1 includes a crank position sensor 11 which detects the 
angle of a crankshaft (not shown) that is an output shaft of the internal combustion engine 
1. 

[0030] Also, the internal combustion engine 1 is connected to an intake branch 
pipe 8. An upstream portion of the intake branch pipe 8 is connected to an intake passage 9. 
The intake passage 9 includes an intake throttle valve 10 which controls the amount of 
intake air that passes through the intake passage 9 and flows into the internal combustion 
engine 1. Also, a compressor housing 15a of a turbocharger 15 and an intercooler 16 are 
provided further upstream in the intake passage 9. The intercooler 16 cools intake air 
whose temperature has been increased due to compression in the compressor housing 15a. 
Also, an air flow meter 37 is provided further upstream in the intake passage 9. The air 
flow meter 37 outputs an electric signal corresponding to the mass of intake air flowing in 
the intake passage 9. 

[0031] Meanwhile, an exhaust branch pipe 18 is connected to the internal 
combustion engine 1. The exhaust branch pipe 18 is connected to a turbine housing 15b 
of the turbocharger 15. The turbine housing 15b is connected to an exhaust passage 19. 
A muffler (not shown) is connected to the exhaust passage 19 at a downstream portion. 

[0032] A filter 20 which captures particulate matter in the exhaust gas (for 
example, soot) is provided in the exhaust passage 19. 

[0033] As the filter 20, it is possible to employ, for example, a wall-flow type 
filter made of porous base material which captures particulate matter contained in the 
exhaust gas, a filter in which an oxidation catalyst such as platinum (Pt) is supported, a 
filter in which the oxidation catalyst, and a filter in which a NOx adsorbing agent such as 
potassium (K) and cesium (Cs) are supported. 

[0034] An electronic control unit (hereinafter, referred to as ECU) 35 is provided 
for the internal combustion engine 1 thus configured. The ECU 35 controls an operating 
state of the internal combustion engine 1 and the like, according to an operating condition 
and a request of a driver. 



WO 2005/059329 PCT/IB2004/004155 

8 

[0035] The ECU 35 is connected to the crank position sensor 11, the air flow 
meter 37, and an accelerator position sensor 33 via electric wiring, and thus the ECU 35 
receives output signals thereof. The accelerator position sensor 33 outputs a signal 
corresponding to an accelerator opening degree which is associated with the operation of 
the accelerator pedal 32 performed by the driver. 

[0036] Accordingly, the ECU 35 can detect torque of the internal combustion 
engine 1 based on the output signal of the accelerator position sensor 33. Similarly, the 
ECU 35 can detect the rotational speed of the internal combustion engine 1 based on the 
output signal of the crank position sensor 11. Also, the ECU 35 is connected to the fuel 
injection valves 3, the intake throttle valve 10 which controls the intake air amount, and the 
like via electric wiring, and thus the ECU 35 controls the fuel injection valves 3, the intake 
throttle valve 10 5 and the like. 

[0037] Also 5 the ECU 35 includes a CPU, ROM, RAM, and the like. The ROM 
stores programs and maps storing data which are used for performing various controls of 
the internal combustion engine 1. Examples of the programs stored in the ROM of the 
ECU include a filter forced recovery routine in this embodiment as described below. 

[0038] Filter forced recovery in a conventional filter 20 will be described. In 
the filter 20, when the amount of the captured particulate matter increases, the pressure of 
the exhaust gas may be increased due to clogging of the filter 20, and the engine 
performance may be decreased. 

[0039] Accordingly, when the amount of the particulate matter deposited in the 
filter 20 increases, for example, the opening degree of the intake throttle valve 10 is 
decreased according to a command from the ECU 35, and the exhaust gas temperature on 
the upstream side of the filter 20 is increased, whereby the captured particulate matter is 
oxidized and removed. Thus, the exhaust gas control performance of the filter 20 is 
recovered by this filter forced recovery. In this case, the filter recovery means is 
configured to include the ECU 35, and the intake throttle valve 10. 

[0040] In this embodiment, the filter forced recovery is performed according to 
the aforementioned method. However, the method for performing the filter forced 
recovery is not limited to the aforementioned method. For example, when the filter 
forced recovery is performed, the fuel supply means (not shown) may supply fuel, as a 
reducing agent, to the filter 20 or an oxidation catalyst (not shown) provided on the 
upstream side of the filter 20, whereby the particulate matter deposited in the filter 20 is 
oxidized and removed. In this case, the filter recovery means is configured to include the 
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ECU 35 and the fuel supply means. 

[0041] In this case, the fuel supply means may be, for example, a fuel injection 
valve (not shown) which is provided in the exhaust passage 19, and which injects fuel 
directly into the exhaust gas. Also, the fuel supply means may be the fuel injection valve 
3 which performs so-called sub- injection during the expansion stroke and the exhaust 
stroke in the internal combustion engine. 

[0042] It is known that a filter forced recovery region and a filter continuous 
recovery region are included in an entire engine operating state range to which an 
operating state of the internal combustion engine belongs. The filter forced recovery 
region is an operating state range where the exhaust gas temperature is relatively low, and 
the amount of the particulate matter deposited in the filter increases if the filter forced 
recovery is not performed. The filter continuous recovery region is an operating state 
range where the exhaust gas temperature is relatively high, and the amount of the 
particulate matter deposited in the filter decreases even if the filter forced recovery is not 
performed. FIG. 2 shows the relationship between the filter forced recovery region and 
the filter continuous recovery region. In this embodiment, the filter forced recovery 
region can be regarded as the first operating state range, and the filter continuous recovery 
region can be regarded as the second operating state range. 

[0043] The filter forced recovery region is an operating state range where the 
load is relatively low, and the exhaust gas temperature is relatively low, as shown in FIG. 2. 
Accordingly, in the filter forced recovery region, in most cases, the amount of the 
particulate matter captured by the filter 20 is larger than the amount of the particulate 
matter oxidized in the filter 20. Thus, when the operating state of the internal combustion 
engine continues to belong to the filter forced recovery region, the amount of the 
particulate matter deposited in the filter 20 gradually increases. 

[0044] The filter continuous recovery region is the operating state range where 
the load is relatively high, and the exhaust gas temperature is relatively high. 
Accordingly, in the filter continuous recovery region, in most cases, the amount of the 
particulate matter oxidized in the filter 20 is larger than the amount of the particulate 
matter captured by the filter 20. Thus, when the operating state of the internal 
combustion engine continues to belong to the filter continuous recovery region, the amount 
of the particulate matter deposited in the filter 20 gradually decreases. The amount of the 
particulate matter deposited in the filter 20 decreases at a high speed in a high-load 
operating state range in the filter forced recovery region. Meanwhile, the amount of the 
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particulate matter deposited in the filter 20 decreases at a low speed in a low-load 
operating state range in the filter forced recovery region. 

[0045] The tendency in each operating state range described above is a general 
tendency. Accordingly, for example, the amount of the particulate matter captured by the 
filter 20 may not decrease during a certain period immediately after the operating state of 
the internal combustion engine starts to belong to the filter continuous recovery region, for 
the reason that the increase in the temperature of the filter 20 is delayed due to heat 
capacity of the filter 20, or other reason. 

[0046] In the conventional filter forced recovery, in the case where the operating 
state of the internal combustion engine 1 belongs to the filter forced recovery region, the 
amount of the particulate matter captured by the filter 20 is accumulated, and the filter 
forced recovery is performed when the accumulated amount of the captured particulate 
matter becomes equal to or larger than a predetermined amount. In the case where the 
operating state of the internal combustion engine belongs to the filter continuous recovery 
region, the accumulation of the amount of the particulate matter captured by the filter 20 is 
stopped. This control is performed because it is considered that the particulate matter 
deposited in the filter 20 decreases even if the filter forced recovery is not performed in the 
case where the operating state of the internal combustion engine 1 belongs to the filter 
continuous recovery region. 

[0047] However, even in the filter continuous recovery region, it may take a long 
time to oxidize the particulate matter deposited in the filter in the range where the exhaust 
gas temperature is relatively low. In this case, since the deposited particulate matter 
remains in the filter 20 for a long time without being oxidized, oxidation of the particulate 
matter may become insufficient, or agglomerated ash may be deposited. 

[0048] In this embodiment, in the case where the operating state of the internal 
combustion engine 1 belongs to the filter forced recovery region,, the amount of the 
particulate matter captured by the filter 20 is accumulated, and the filter forced recovery is 
performed when the accumulated amount of the captured particulate matter becomes equal 
to or larger than the predetermined amount. Also, in the case where the operating state of 
the internal combustion engine 1 continues to belong to the filter continuous recovery 
region for a predetermined time period or longer, the filter forced recovery is performed. 

[0049] FIG. 3 shows the filter forced recovery routine according to this 
embodiment. This routine is a program stored in the ROM of the ECU 35. This routine 
is performed at predetermined time intervals while the internal combustion engine 1 is 
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operated. 

[0050] When this routine is performed, first, the operating state of the internal 
combustion engine 1 is detected in step S101. More specifically, the ECU 35 reads the 
output signal of the accelerator position sensor 33, and the output signal of the crank 
position sensor 11, whereby the torque and the rotational speed of the internal combustion 
engine 1 are detected. 

[0051] Next, in step S102, it is determined whether the operating state of the 
internal combustion engine 1 is in the filter forced recovery region. In the case where the 
operating state of the internal combustion engine 1 is in the filter forced recovery region, 
the routine proceeds to step S103. A variable R is set to 0. The variable R indicates 
whether the operating state of the internal combustion engine 1 belongs to the filter forced 
recovery region or the filter continuous recovery region. When the operating state of the 
internal combustion engine 1 belongs to the filter forced recovery region, the variable R is 
set to 0. When the operating state of the internal combustion engine 1 belongs to the filter 
continuous recovery region, the variable R is set to 1 . 

[0052] Although not shown in FIG. 3, in the filter forced recovery routine, when 
it is determined that the operating state of the internal combustion engine 1 belongs to the 
filter forced recovery region in step SI 02, the calculation of the intake air amount is started 
or continued in order to estimate the amount of the particulate matter deposited in the filter 
20 (the accumulated amount of the captured particulate matter). When it is determined 
that the operating state of the internal combustion engine 1 belongs to the filter continuous 
recovery region in step S102, the accumulation of the intake air amount is stopped. Since 
this process is performed also in the conventional example, description of this process is 
omitted in FIG. 3. 

[0053] Next, the routine proceeds to step S104, and the amount of the particulate 
matter deposited in the filter 20 (the accumulated amount of the captured particulate 
matter) is estimated. More specifically, a calculation is performed to obtain the 
accumulated intake air amount in the period during which the operating state of the internal 
combustion engine 1 belongs to the filter forced recovery region since the previous filter 
forced recovery is finished. Thus, the amount of the deposited particulate matter is 
estimated. That is, since the ECU 35 reads the output signal of the air flow meter 37, the 
present intake air amount is detected. Since the intake air amount is accumulated in the 
ECU 35, the accumulated intake air amount is obtained. Since the amount of the 
deposited particulate matter corresponding to the accumulated intake air amount is read out 
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from a map storing the relationship between the accumulated intake air amount and the 
amount of the particulate matter. The map is made in advance through experiments. 
Thus, the amount of the deposited particulate matter is estimated. In this embodiment, 
the deposited amount detection means is configured to include the ECU 35 and the air flow 
meter 37. 

[0054] The invention is not limited to the aforementioned method of estimating 
the amount of the particulate matter deposited in the filter 20. For example, the amount 
of the deposited particulate matter may be based on the accumulated fuel injection amount, 
the running distance of the vehicle, or the like, instead of the accumulated intake air 
amount. Also, exhaust gas pressure sensors (not shown) may be provided on the 
upstream side and the downstream side of the filter 20 in the exhaust system. The amount 
of the particulate matter deposited in the filter 20 may be estimated based on the difference 
between the exhaust gas pressures detected by both sensors. 

[0055] Then, in step S105, it is determined whether the amount of the deposited 
particulate matter estimated in step SI 04 is equal to or larger than SO. SO is the amount 
of the particulate matter deposited in the filter 20, which is obtained in advance through 
experiments. If the amount of the particulate matter deposited in the filter 20 is equal to 
or larger than SO, it is determined that the exhaust gas pressure may be increased due to 
clogging of the filter, and the engine performance may be decreased. When it is 
determined that the amount of the deposited particulate matter is equal to or larger than SO 
in step S105, the routine proceeds to step S106. In step S106, the filter forced recovery is 
performed. Then, the routine is terminated. 

[0056] When the amount of the deposited particulate matter is smaller than SO in 
step S105, it can be determined that the filter forced recovery does not need to be 
performed at this time. Therefore, the routine is terminated. 

[0057] Next, when it is determined that the operating state of the internal 
combustion engine 1 does not belong to the filter forced recovery region in step SI 02, it 
can be determined that the operating state of the internal combustion engine 1 belongs to 
the filter continuous recovery region. Therefore, the routine proceeds to step S107. In 
step SI 07, it is determined whether the value of the variable R is 0. When it is 
determined that the value of the variable R is 0, it is determined that the operating state of 
the internal combustion engine 1 belonged to the filter forced recovery region when the 
previous routine was performed. Therefore, the routine proceeds to step S 112, and the 
variable R is set to 1. Then, the routine proceeds to step SI 13, and a filter continuous 
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recovery region belonging time period t is set to 0, whereby a timer is reset. The filter 
continuous recovery region belonging time period t indicates a time period during which 
the operating state of the internal combustion engine 1 continues to belong to the filter 
continuous recovery region. Then, in step SI 14, the timer starts counting. That is, 
counting of the filter continuous recovery region belonging time period t is started. 

[0058] Then, the routine proceeds to step SI 15, and a variable PM is set to 0. 
The variable PM is set to 0 during a period since the operating state of the internal 
combustion engine 1 starts to belong to the filter continuous recovery region until the filter 
forced recovery is performed. The variable PM is set to 1 when the operating state of the 
internal combustion engine 1 belongs to the filter continuous recovery region, and the filter 
forced recovery has been performed. After the process in step S115 is performed, the 
routine is terminated. 

[0059] In step S107, when it is determined that the value of the variable R is 1, it 
can be determined that the operating state of the internal combustion engine 1 belonged to 
the filter continuous recovery region when the previous routine was performed. 
Therefore, the routine proceeds to step S108. In step S108, it is determined whether the 
value of the variable PM is 0. When it is determined that the value of PM is 1, it can be 
determined that the filter forced recovery has been already performed once while the 
operating state of the internal combustion engine 1 belongs to the filter continuous 
recovery region. Therefore, the routine is terminated. That is, in the case where the 
operating state of the internal combustion engine 1 continues to belong to the filter 
continuous recovery region, the particulate matter deposited in the filter 20 is forcibly 
oxidized and removed if the filter forced recovery is performed once. In this case, even if 
the operating state of the internal combustion engine 1 continues to belong to the filter 
continuous recovery region thereafter, the particulate matter is not deposited in the filter 20. 
Therefore, it can be considered that it is sufficient to perform the filter forced recovery 
once in the case where the operating state of the internal combustion engine 1 continues to 
belong to the filter continuous recovery region. 

[0060] Meanwhile, in step S108, when it is determined that the value of the 
variable PM is 0, it is determined that the filter forced recovery has not been performed 
since the operating state of the internal combustion engine 1 started to belong to the filter 
continuous recovery region. In this case, the routine proceeds to step SI 09. 

[0061] In step S109, it is determined whether the filter continuous recovery 
region belonging time period t is equal to or longer than TO. TO is a time period which is 
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obtained in advance through experiments. If the particulate matter continues to remain in 
the filter 20 for the time period TO or longer even in the case where the operating state of 
the internal combustion engine 1 belongs to the filter continuous recovery region, 
oxidation of the particulate matter may become insufficient or agglomerated ash may be 
deposited. When it is determined that the filter continuous recovery region belonging 
time period t is equal to or longer than TO, it is determined that the filter forced recovery 
needs to be performed. Therefore, the routine proceeds to step SI 10, and the filter forced 
recovery is performed in step S110. Thus, even in the case where the operating state of 
the internal combustion engine 1 belongs to the filter continuous recovery region, the 
particulate matter deposited in the filter 20 is forcibly oxidized and removed. 

[0062] After the process in step SI 10 is finished. The variable PML is set to 1 in 
step Sill, and then the routine is terminated. When it is determined that the filter 
continuous recovery region belonging time period t is shorter than TO, it is determined that 
the there is a small possibility that oxidation of the particulate matter may become 
insufficient or agglomerated ash may be deposited even if the operating state of the internal 
combustion engine 1 continues to belong to the filter continuous recovery region. 
Therefore, the routine is terminated. 

[0063] As described above, in this embodiment, in the case where the operating 
state of the internal combustion engine 1 belongs to the filter forced recovery region, the 
intake air amount is accumulated, and the amount of the particulate matter deposited in the 
filter 20 is estimated based on the accumulated intake air amount. When the accumulated 
amount of the particulate matter is equal to or larger than SO, the filter forced recovery is 
performed. In the case where the operating state of the internal combustion engine 1 
belongs to the filter continuous recovery region, the accumulation of the intake air amount 
is basically stopped since the amount of the particulate matter deposited in. the filter 20 
decreases. However, when the operating state of the internal combustion engine 1 
continues to belong to the filter continuous recovery region for the time period TO or 
longer, the filter forced recovery is performed. Thus, it is possible to reduce the 
possibility that the particulate matter may remain in the filter 20 for a long time without 
being oxidized, and therefore oxidation of the particulate matter may become insufficient 
or agglomerated ash may be deposited. 

[0064] In this embodiment, the constant value that is obtained in advance 
through experiments is used as TO in step S109. However, the value of TO may be 
changed according to the amount of the deposited particulate matter that was estimated 
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when the step SI 04 was performed during the previous routine. This is because a time 
period until oxidation of the particulate matter becomes insufficient or agglomerated ash is 
deposited is changed depending on the amount of the particulate matter deposited in the 
filter 20 when the operating state of the internal combustion engine 1 starts to belong to the 
filter continuous recovery region, in the case where the particulate matter continues to 
remain in the filter 20. 

[0065] More specifically, a map is made so as to define the relationship between 
the amount of the particulate matter deposited in the filter 20 when the operating state of 
the internal combustion engine 1 starts to belong to the filter continuous recovery region, 
and the value of TO. In step S109, the value of TO corresponding to the amount of the 
deposited particulate matter that was estimated when step SI 04 was performed during the 
previous routine is read from the map, and the value of TO is compared to the value of the 
filter continuous recovery region belonging time period t. Thus, it is possible to perform 
the filter forced recovery after a lapse of a time period that more accurately corresponds to 
the amount of the particulate matter deposited in the filter 20 when the operating state of 
the internal combustion engine 1 starts to belong to the filter continuous recovery region. 

[0066] As a result, it is possible to reduce the possibility that the filter forced 
recovery may be unnecessarily performed early, and therefore the opening degree of the 
intake throttle valve 10 may be decreased an increased number of times, and drivability of 
the vehicle may be affected, or the possibility that the time at which the filter forced 
recovery is performed may be delayed, and therefore oxidation of part of the particulate 
matter may become insufficient, or agglomerated ash may be deposited. 

[0067] Next, a second embodiment of the invention will be described. Since 
the hardware configuration of the internal combustion engine 1 in this embodiment is the 
same as that in the first embodiment, description thereof will be omitted. 

[0068] In the second embodiment, in the case where the operating state of the 
internal combustion engine 1 belongs to the filter forced recovery region, the amount of the 
particulate matter deposited in the filter 20 is estimated, and the filter forced recovery is 
performed when the amount of the deposited particulate matter becomes larger than the 
predetermined amount, as in the first embodiment. Meanwhile, in the case where the 
operating state of the internal combustion engine 1 belongs to the filter continuous 
recovery region, the filter forced recovery is performed when an accumulated time period 
during which the operating state of the internal combustion engine 1 belongs to the filter 
continuous recovery region becomes equal to or longer than a predetermined time period 
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after the previous filter forced recovery is finished. Hereinafter, this control will be 
described. 

[0069] FIG 4 shows a filter forced recovery routine according to the second 
embodiment. This routine is a program stored in the ROM of the ECU 35. This routine 
is performed at predetermined time intervals while the internal combustion engine 1 is 
operated. 

[0070] When this routine is performed, the operating state of the internal 
combustion engine 1 is detected in step S201, as in the control according to the 
aforementioned first embodiment. In step S202, it is determined whether the operating 
state of the internal combustion engine 1 belongs to the filter forced recovery region. 
When it is determined that the operating state of the internal combustion engine 1 belongs 
to the filter forced recovery region, the routine proceeds to step S203. In step S203, when 
time counting continues, the time counting is stopped. This time counting is performed in 
order to count the accumulated time period during which the operating state of the internal 
combustion engine 1 belongs to the filter continuous recovery region in this routine, as 
described later. Accordingly, when the operating state of the internal combustion engine 
1 belongs to the filter forced recovery region, the time counting is stopped. 

[0071] Although not shown in FIG. 4, in this filter forced recovery routine, when 
it is determined that the operating state of the internal combustion engine 1 belongs to the 
filter forced recovery region in step S202, the accumulation of the intake air amount is 
started or continued. When it is determined that the operating state of the internal 
combustion engine 1 belongs to the filter continuous recovery region in step S202, the 
accumulation of the intake air amount is stopped. Since these processes are performed 
even in the conventional example, description of the processes is omitted in FIG. 4. 

[0072] Next, in steps S204 to S207, the same processes as those in steps S103 to 
SI 06 in the first embodiment are performed. Since the processes have been already 
described in detail, description thereof is omitted. After the filter forced recovery is 
performed in step S207, the routine proceeds to step S208. In step 208, the filter 
continuous recovery region belonging time period t is set to 0, and time counting is reset. 
That is, in this embodiment, since the accumulated time period during which the operating 
state of the internal combustion engine 1 belongs to the filter continuous recovery region is 
counted after the filter forced recovery is performed, time counting is reset when the filter 
forced recovery is performed. After the process in step S208 is finished, the routine is 
terminated. When it is determined that the amount of the deposited particulate matter is 
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smaller than SO in step S206, the routine is terminated, as in step SI 05 in the first 
embodiment. 

[0073] When it is determined that the operating state of the internal combustion 
engine 1 belongs to the filter continuous recovery region in step S202, the routine proceeds 
to step S209. In step S209, it is determined whether the variable R is 0. Ttie variable R 
is the same as the variable R used in step SI 07 in the first embodiment. When it is 
determined that the variable R is 0, the routine proceeds to step S210. In step S210, the 
time counting is started or restarted. That is ? when it is determined that the variable R is 0 
in step S209, it is considered that the operating state of the internal combustion engine 1 
belonged to the filter forced recovery region when the previous routine was performed, and 
the operating state of the internal combustion engine 1 started to belong to the filter 
continuous recovery region during a time period since the previous routine was finished 
until the present routine was started. Therefore, the accumulated time period during 
which the operating state of the internal combustion engine 1 belongs to the filter 
continuous recovery region starts to be counted, or restarts to be counted. 

[0074] Next, in step S211, the variable R is set to 1. Thus, the value of the 
variable R indicates that the operating state of the internal combustion engine 1 belongs to 
the filter continuous recovery region. Then, the routine proceeds to step SZ12. In step 
S212, it is determined whether the filter continuous recovery region belonging time period 
t is equal to or longer than Tl. Tl is a time period which is obtained in advance through 
experiments. If the accumulated time period during which the operating state of the 
internal combustion engine 1 belongs to the filter continuous recovery region is Tl or 
longer, oxidation of the particulate matter may become insufficient, or agglomerated ash 
may be deposited. 

[0075] Accordingly, when it is determined that the filter continuous recovery 
region belonging time period t is equal to or longer than Tl in step S2 12, it is determined 
that oxidation of the particulate matter deposited in the filter 20 may become insufficient or 
agglomerated ash may be deposited if the filter forced recovery is not performed. 
Therefore, the routine proceeds to step 213, and the filter forced recovery is performed in 
step 213. 

[0076] After the process in step S213 is finished, the filter continuous recovery 
region belonging time period t is set to 0, and the timer is reset in step S214, as in step 
S208. Then, the routine is terminated. When it is determined that the filtex continuous 
recovery region belonging time period t is shorter than Tl in step S2 12, it is determined 
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that the filter forced recovery does not need to be performed. Therefore, the routine is 
terminated. 

[0077] When it is determined that the value of the variable R is 1 in step S209, it 
is determined that the operating state of the internal combustion engine 1 already belonged 
to the filter continuous recovery region when the previous routine was performed. 
Therefore, the process for starting the time counting and the process for setting the variable 
R to 1 are skipped, and the routine proceeds to step S212. 

[0078] As described above, in this embodiment, in the case where the operating 
state of the internal combustion engine 1 belongs to the filter forced recovery region, the 
intake air amount is accumulated, and the amount of the particulate matter deposited in the 
filter 20 is estimated based on the accumulated intake air amount. When the amount of 
the deposited particulate matter is equal to or larger than SO, the filter forced recovery is 
performed. In the case where the operating state of the internal combustion engine 1 
belongs to the filter continuous recovery region, the accumulation of the intake air amount 
is basically stopped since the amount of the particulate matter deposited in the filter 20 
decreases. However, the accumulated time period during which the operating state of the 
internal combustion engine 1 belongs to the filter continuous recovery region is equal to or 
longer than Tl, the filter forced recovery is performed. Thus, it is possible to reduce the 
possibility that the particulate matter may remain in the filter 20 for a long time without 
being oxidized, and therefore oxidation of the particulate matter may become insufficient 
or agglomerated ash may be deposited. 

[0079] In this embodiment, the constant value that is obtained in advance 
through experiments is used as Tl in step S212. However, the value of Tl may be 
changed according to the amount of the deposited particulate matter that was estimated 
when step S205 was performed during the previous routine, for the same reason as that 
described in the first embodiment. 

[0080] In the first embodiment and the second embodiment described above, in 
the case where the operating state of the internal combustion engine 1 belongs to the filter 
forced recovery region, the filter forced recovery is performed at the time different from 
the time at which the filter forced recovery is performed in the case where the operating 
state of the internal combustion engine 1 belongs to the filter continuous recovery region. 
However, the operation of the filter forced recovery in the case where the operating state of 
the internal combustion engine 1 belongs to the filter forced recovery region is the same as 
the operation of the filter forced recovery in the case where the operating state of the 
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internal combustion engine 1 belongs to the filter continuous recovery region. That is, in 
both cases, when the exhaust gas temperature is increased by decreasing the opening 
degree of the intake throttle valve 10 so that the particulate matter deposited in the filter 20 
is oxidized and removed, the exhaust gas temperature is set to the same value, and the 
exhaust gas temperature is increased during the same time period. 

[0081] However, in the case where the operating state of the internal combustion 
engine 1 belongs to the filter continuous recovery region, the amount of the particulate 
matter deposited in the filter 20 decreases even if the filter forced recovery is not 
performed. Accordingly, when the filter forced recovery is performed in the case where 
the operating state of the internal combustion engine 1 belongs to the filter continuous 
recovery region, the exhaust gas temperature may be set to a low value, as compared to 
when the filter forced recovery is performed in the case where the operating state of the 
internal combustion engine 1 belongs to the filter forced recovery region. Similarly, 
when the filter forced recovery is performed in the case where the operating state of the 
internal combustion engine 1 belongs to the filter continuous recovery region, the exhaust 
gas temperature is increased during a short time period, as compared to when the filter 
forced recovery is performed in the case where the operating state of the internal 
combustion engine 1 belongs to the filter forced recovery region. Thus, it is possible to 
further reduce the possibility that drivability of the vehicle may be affected by a decrease 
in the opening degree of the intake throttle valve 1 0 in the filter forced recovery. 

[0082] In the first embodiment and the second embodiment described above, the 
entire range of the operating state of the internal combustion engine 1 is divided into two 
operating state ranges, that are, the particulate matter force removal region and the filter 
continuous recovery region. However, the invention is not limited to this case. For 
example, in the case where the entire range of the operating state of the internal 
combustion engine 1 is divided three or more operating state ranges, the invention can be 
applied to two operating state ranges corresponding to the filter forced recovery region and 
the filter continuous recovery region. 

[0083] Further, in the first embodiment and the second embodiment, the 
invention is applied to a diesel engine. However, the invention can be applied to a 
gasoline engine. 



